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REDUNDAM - ¥ SCREEN
Fuel Turbopumps Prapared: F. Cromweli
BEOD-CH Approved: T. Nguyen
REAGT 0 Approval Date: 11M/59
Lerwe Praseure Fual Turbopump Chatige #: 1
BE10 Dirertive &: CCBD MEA 0 5248 -
Turklne zeal kakage, -
Paga: 10l 1
| Liriticaliny
Faiiura F ENerd Desoniption Hazard Bafmence
Excesslve leakaga of warm hycrogen gas inte LPFTP discharge decreases the density f the Nuid at the HFFTF inlet. In ewenl of HPFTP 1R
cavisation, excagsiva turbing dischargs tamperatere rosulls in o radl-ne shuldown. Mssien scneb § detected by redling, ias ol vehicts PRE-R15 1
dug to HPF T tw-ne Tailure may result il ng? celectad
Fed.ndancy Screens TURBOPUMP SYSTER - SENSDR 5YSTEM: UMLIE RETUNDANCY
A Pass - Redundatt hardwane [tems are capatile of chechout Sufng normel groond tumanound.
B: Pass - Loez of 3 radundanl hardwars ilemns s delactahla during Mght,
C. Pass - Loss cfrecundant hardware items cou'd 2ol pezult from 2 sieghe cradible evend.
Cx:&ssiva leakage af wam hydrogen gas inte LPFTF discharge decreases e density of e Aud at 1he HPFTF izl n event of HEFTP |

cavilaben, excesshe turhire dizgrarge temparatoce reaults in a sediiie shutdown. Missicn abeor #f delectad by redine, Lot of vehick:
cue ta [HFFTF turbine failarg may resdlt If nal detecled.

Fedundancy Scree-s: TYRBOPUMP SYSTEM - SEMSCR 5YS1EM: UNLIKE RETMNOANGY

A Pass - Redundant hardyare itens aie capable of checiavt during normat groand B arsund
B Paaa - | aag of aredundant Fardware itermne iz detgclabba during f-ghl.
C: Fass - Loss of redurdant i dware itamms coubd nod resall from a <ingle credible wyvsnt.

MED* 5,9
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SSME FMEAIGIL

DESIGN
Companent Graup: Fuel Turbopumps Frepared: Fo Crorrwcll
EZIL tem: B&ne-aa Appraved: T. Hguyen
Farl Number: RSDOFE1T Approval Date: 11184
Componant: Low Pressure Fuel Turbopump Change #; 1
FMEA llam: Bs00 Diractve A: CCEBD MEI-01-5247
Fallure Mada: Turklne aeal leakage.
Page: 1f T
Design ¢ Dacamant Relerence !

-

FAILURE CALSZE: A: Excesslve wear or fallure of e arkon insert,

THE TURBINE SEAL ASSEVIBLY (1) UTILIZES A GARBON RING (2], ASSEMBLED IN AN ADAPTER, v IICH IS AXIALLY PRELOABED IN THE HOUSING BY A WAWT SFRING ANT "LAlZ. THE
PLATE |5 SECURED TO THE HOUSING UTILIZING & SCREWS, WHICH ARE STAKED T2 PREVFNT ROTATION. ASSEMBLY PROCEDNRES FOR LOCKING DEVICES EMSIRE DEFECT-FRFF
(MSTALLATION [3) THE TURBINE SEAL |5 DESIGHED TO MMIMIZE THE LEAKAGE OF TURBIMNE GAS INTO THE PUMP DISCHARGE, THE CARBON RING 15 ALLOWED TO FLOAT
RADIALLY IN THE HOUS NG TO ACCOMWCDATE SHAFT (4] RADIAL MOVEMENT DURING OPERATION. THE CARBON RING INSIDE DIAMETER |5 TAFERED TO ALLIWY HYTYRCT Y HAMIC
CENTERING GUKING DFERATION. THE HOUSING AXIAL SURFALCE WHICH CONTACTS THE CARBON RING 15 DRY-FILM LUHRICATED TO REDLE WEAR. THE SEAL RING IS
MANUFACTURED UTILIZING PRESSURE MOLOED CARBON GRADE F-EN (5) VAIICIE WAS SELECTED FOR{TS RESISTANCE TO WEAR, IN LICILID HYDROGEN SERVICE. THE SFAL UG
ADAPTER HOUS!ING AND PLATE ARE YIANUFAGTURED: UTILIZING FORGED A-235 CRES [5), WHIGH ywas SELECTED FOR ITS MECHANICAL PROPERTIES ARD ITS REZISTAKCE ~0
HYDIOGEY ERVIEOHMEMT EMBRITTLEMENT THE MATERIAL I3 SOLLUTION TREATED AMD AGE-HARDEMED THE'\WAVE SPRING IS MANUFACTURED UTIUZING 301 CRES '51 WH CH
WS BFI ECTED FOR ITS STRENGTH DUCTILITY AT CRYOGENIC |ENPEHATURES, AND TS INSENSITIATY TO HYDROGEN FNYIRONMFNT EMBRITTUEMENT. THE HIGH AKD | Gy
GYGLE FAT GUE LIFE OF THESE PARTS MEET GEI REQUIREMENTS ). THE MINIMUM FACTORS OF SAFETY FOR THESE PARTS MEET CEI REQUIREMENTS (7) THC TURGING SEAL
ASSERMELY PARFMT MATFRIALS WERE CLEARED FOF. FRACTURE MECHANICS/MOE FLAW GROVITH SINCE THEY GUONIAM NO FRAC TUSE GRITICAL FARTS [d). THE GCNTSILLFR
SCFTWAARE 15 CONFIGLRED TO DETECT AND RESPOYD PROSCALY TO THE FAILURES IDEHTIFIED AND COMMAMD & EAFE EMTINE STATE (9). REVSE OF PARTS NURING OAVFRHALL
15 CONTROLLED BY 114E PFOLINFAPFMTS OF THE OWVERGLL SPECIT ICATION (101

11 RO0-OEM (3 ROJTEFTE 4N RLOO3E3; (1) RICO7EZE; (50 REG-ASFT, (B) RLODS32. CPIOROCIAR; 7y RSS AMdG, CPIZMHH0CIB: 18y NASA TASK 117 (21 CRaddRoguz =1
437353 (10 ALOOSE
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Compananl Graup:
CIL ltam:

Part Humber:
Camponent;

FMEA I[tam:

Fallure Mgde;

Fuel Turhopumpa

BEM-08

RSA0FEOT

Low Pressure Fuet Turbapuamp
BEOO

Turbiie seal lvakage.

SSME FMF

-
INSPECTION ~_ s TEST

Prepared:
Approved:
Approval Date:
Chanpgo #:
Draclive #:

Fage;

F. Crommwell

T. Nguyen

11/1148

1

CCBD MEX-D1-5247

Taf 2

*

Failara Causes

Eignfcarl Charadermlice
SHAFT
SEAL ASSEMBLY

MATERIAL INTEGRITY

HEST TREAT

CLEAML!MESS OF
COMPOMENTS

SURFACE FINIS—

AESFURLY IKTEGRITY

LPFTP
ASSEMBLY INTESRITY

Inapection{s) ¢ Tests)

MATERIAL INTESRITY 15 WERIFIED FER DRAWING ANL SPECIFICATION RECQLUIREMENTS.

SEAL HOUSING ANO ADAPTER ARE PENETRANT INSPECTEDR FER SPECIFICATION REOUIREMENT 5

THE GHAFT 3 PEMETRANT INSPECTED PER SPECIFICATION RECUIREMENT. ]
THE SHAFT, 3EAL HOUSING, AND SEAL ANDAPTER HEAT TREAT ARE VERIFIED PER DRAWING

REUIREMENTS.

THE SEAL ASSEMBLY |5 YERIFIED CLEANED (TO FUEL SERVICE! PER SPECIFISATICN

REHREMENTS.

THE SEAL HOUSING CARRBOM IMATING SURFACE ORY FILM LURRICATION IS VERIFIED PER
ORAWING AND SPECIFICATION REQUIREMENTS.

CARBDN INSERT FLATMESS 15 VERFIED PER QRAWING RECUIREMENTS.

CARBCM IMNSERT FIT I£ VERIFIED PER DRAWING REGUIREMENTS.

TIIE CARBCN SEAL FING-TO-SHAFT CLEARAMCE IS INSFECTED PER DRAYING B EDUIRERFENTS,

THE RCETATING OETAIL BALBNCE 15 WERIFIED FER SPECIFICATION REGUIREMENTS.

THE PUKP SUBASSEMELIES AFE INSPECTED OURIMG CVERMALUL PER SPECIFICATION
REQUIREMENTS INSPECTICNS IMGLUDE; YISUAL. LIMENSIONAL, PENETRANT, AND
REPLACEMENT OF USAGE ITEME AZ APPLICABLE, PER OVERHALIL CLAS SN HSATICHN.

DPERATIONFERFORMANCE 13 VERIFIED BY EMGINE POT-FIRE TESTING AND 2ND E & M TESTS QY

INSPECTMINS.

QATA FROM PREVIOUS FLIGHT QR HOT-FIRE IS REVIEVWED FOR PROFER TURBQPAIF

OPERATIONFERFORMAMECE. {LAST TEST

Degzumet Refsrence
(244 Uy |
RCI198064

SINTSEE
Mis0113-115
R0013278
RO0128 34
A 5737

RADT -1+

RECOn622
HLE19304
Rr1027E

RL1GOD1

RCHA%0d
RAQT 12-005

RAG 9370

RO318374
RS0070 7%

RLIOZaR
RSIMI7 301

RLaC521
HAO116-715

RLMIO=D-04
RLMIORS- D8
Rl NNN&& 07
RLUGag"

MSTC PN - 2726
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Sompgnent Graup:  Fusl Turbopumps Prapared: F, Lroriwall

CIL N BE00-08 Approved; Lo Hguyen
Fart Humber; RE&ITEOT Approwaf Dale: 11H'Dg
Compenent: Law Praceiee Fuel Torbopume Change ¥ 1
FMEA, [lem- 8500 Directive #: CCA0 ME3-H1-5241
Failvia Modne: Turbine seal feakape
Page; In* 2

Failu-e Gaunzes Sigrificant Clearaclepistica I"gneclionis) / Tesiis) Drcurnen: Referzres

Faiure Higkory Tor ot &l i give [ailure hisiory datd 2w tanedin ibe Probiem Repoding databasas (PRAMES/PRACA)

Referanca: NGSA, [ever SA21335310% And Rodeetdyne leder 39HE09751.
Operasonal Lsa: WNalApploable

F&5-. 11
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Fooacn .
CMponent Sroug Fuel Turbepa:mpe Prepared: F Cromwell
CIL Mam: Ba0) Approved: T. Nguyen
Part Humber: RS 0W7 B Approval Dan: 111194
Campanent: Low Pressure Fuel Turbepump Change & 2
FMEA Itom: BEM CHresctive #: COBD WE3-01-5244
Page:’ UL
Crileal Inilial
fioot  Flaw Size Naol
Sida Mot Deleclable
Cempsrant Basic Part honle: Meld Humbar wWeld Type  Class Arcast HCF  LOF Comneris
MAMNIFCLE R3007E03 1 EBw) la b1
MARIFOLD RSCITENS z CTaw !
SMANIFOLD RSO0MEDZ £41d GTAW Il x X
MAKITOLD R5407803 g.10 GTAW 1l x
RAHLIFOLD REOMGCA 13 GTAM I
MAMNIFOLD REMIFEN] 17 EBIN Il b Y
RAMNIFILTY RA0OTE] 18 TSTAa b X X X

RE5-g140-11
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Compoedt G oup:

e Narne:
Hem Number: i [0
Farl Minrhar RSaoTEDd

SSME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Fuel Turbopumps
Law Pressure Fusd Tirbopump

Prapared: F. Crammel|
Appresed: T. Hguyen

Approval Date: 11108

Change ¥: 3

Di rective COED ME1O1.5248 .
Fape: {ef1

Enze Lina Rationale

Var-ance

Cranps Rativnale Wariar! Cash Menber )

1. E620-0%: REMITEDS, REOATEDS,
CALUSE A, THE INNER aND
CLTER EEARING RINGS ARE
EDOY CURRENT INSPECTFD PFR
FA NG E- D3,

2 BE800-10. THE HOUSING
INSULATION IS FROTECTED BY A
KEYLAR COMPOSITE SURFACE
WITH L.T-40 FIRE RETAROANT
ALUMINUM TAPE APPLIED TCr
THE KEYI AR SLIRTACE

3 BEQQ-0F THE BALLS ARE
FOSITIQONED BY AM FEP COATED
ARMALCN CAGE, FEF GOATING
OM CAGES USED TO RETOLIZE
FAOCKET ARG BALL WEAR THUS
IMCREASING BEARIMG LIFE.

4. BEOO-0I. BLOCH | HOZZLE
ACSEMBLY ALLOWS A MIMIRALIRA
QOF 12 QF THE 4A NQZZLE
PASSAGES TO BE BLOCKED.

5 Beac.t2 CAUSEBRC

THE SECOMD STAGE RQTOS
ERAZE JOINT INTEGRITY IS
LLTRASOMIC INSFECTED PER
DRAWING REQLUFREMENTS.

E. BRIC-0Z. CAUSE D

NQZILE COFFER PLATIMNG
A0HESION IS5 VERIFIED FER
ORAWING AEQUIREMENTS.

PASSAGES TOBE BLOCKED
CERTAIN SECOND STAGE-

BEAR™MT RINCGS RECENELD
FROM SUFFLIER SPLIT BALL
BEARING INCORFORATED -
RFCFMED MO GFMFRAL ENOY
CURRENT IMNSPECTICN.

CERTAIN FLEZHT HGUSINGS
HAYE NICKEL PLATED
INGLALATICN WITH COPPER
PLATED TIE-IM AREAS.

BLOCK LAMND FHASE || FUMPS
DO NOT HAVE FEP COATED
CRAGES.

BLOCK PHASE NI NOZZLE
AGEEMBLY ALLCWES A MINIRTURM
OF 16 OF THE 43 NOZZLE

ROTORE RECEIVED NO
LILTRASOMIC IMSPECTION OF
THE BRAZE JOMkT.

CERTAIM MOZZLES IO MOT
RECEIYE A BAKE TEST,

THE BLCOCK [ ANO PHASE I HAVE NICKEL FLATING T FRCI‘TE_E‘.'i' THE

THE BRAZE JQINTS O ALL SECOMD STAGE ROTORS HAYVE RECEIVED A

ADHES D BAKE TEET 15 MOT REQLIRED FOR NO22LES WHICH HA"."E- BEEH

SEE DAR 2745 FOIL
VARIANT DART
SERIAL HUMEFRS

GENERL EODY CURRENT IMSPECTION OF RIMGS REPLAGES TYFE IVC IN
PEMETRAMT INSFFCTION I DETECTTNG SURFACE FLENTS,

LISE AZ 15 RATIOHALE.

1 RINGE ARE SUPFLIED BY SPLIT BALL BEARING INCGRPOALTED RECEIVED
FROVISUAL AND TYPE IVE PERETRANT INGPECTION INSTEAD OF GEMERAL
EDDY CURRENT INGPECTION. FLAW DETECTABRILITY RELIABILITY LEVELS
BETWEEN PENETRANT AND GENERAL EDDY CURRENT INSFEGTICNS ARE
0 060 AML OOEF AESPECTIVEL Y

RISCOTEIT 174, 131,
<21, .0

INSULATION FROM MECHANICAL DAMAGE AND PROVIDE A MOISTURE
BARFIER. THE HOUSING 18 COFPER PLATED AT THE INSULATON SLOSE-CUT
AREAS TO WIPROVE THE MICKEL BOND. THE MINIMUN FACTORS OF SAFETY
FDR THFE INSUILATED HOUSING MEET C.E.|. REQUIREMENTE. DAR 2059
ADDREFFED THE TIME CONSTRAIMTS FOR MICKEL PLATED INSULATION WATH
COPPER Pl ATED TIE-IN CONFIGURATIONS.

BLOCHE L AND PHASE Nl CAGES HAVE TEFLOY CONTAINED IN THE FIRERGLASS - lIQS-'_‘IE-'."BD"S-UE? “
CAGE THAT PROVIDES BEARING L LIBRICATIOH. RSAC-FEME T, 025

THE Bl OCH | FHASE || NOZZLE ASSEMBLY DOES MOT WMILATE Tilé
REQUIREMENTS OF THE BLOCK | HOZZLE ASSEMBLY. BLOCHK | PHASE 11
WA MEETS CE MOZALE WANE REQUIREMENTS.

RUG157a1-031

RS0 F5ES-031
VISUAL AND PFEMNETRAMNT IMSPECTION, ALL PARTS SUSPECTED TO HAVE i
BRAZE JOrNT AMNOMALIES HAVYE BEEN ADDREZSED,

RS007622-025
FREVIOUSLY HOT FIRE TESTED. THE HOT FIRE ENVIRDNMEMT ADECLUATELY  ROD 9707 [0

YERIFIES THE CQOFPER PLAT ING ADHESIOHN IMTEGRITY.

7. 60002, CAUSEE.
THE STATOR COPPER FLATING

ADHESICH 15 YERIFIED FER

ORAWING REQLIREMENTS

GERTAIN STATORS DID NOT
RECENE A BAKE TEET.

ADHESION BAKE TEST |S NOT REQUIRED FOR STATORS 'WP'IICFi HA'U-'E- BEEM REIJT6230
FREVICLSLY HOT FIRE TEETED. THE HOT FIRE ENVIROMMENT ADECUATEL Y

YERIFIES THE COPPER, FLATING ADHESICH INTEGRITY



